Lack of success in parathyroid surgery is usually due to failure to identify the abnormal parathyroid gland correctly at operation. The surgeon may be helped by rapid parathyroid hormone (PTH) assay in peripheral blood after removal of a suspected adenoma, and by frozen section histology, but these are not true localization techniques. We have adapted a non-isotopic immunoassay for rapid measurement of PTH in samples from the upper, middle and lower thyroid veins taken at operation, before exploration begins.
INTRODUCTION
Since the availability of automated routine serum calcium and more recently plasma intact parathyroid hormone levels, primary hyperparathyroidism has been increasingly diagnosedl,2. It has now become evident that patients even with only slightly elevated serum calcium and few symptoms have an increased mortality from cardiovascular disease. Surgery offers a complete cure and has been advocated even for asymptomatic cases--". Although success rates of over 95% are claimed by specialist centreso", a recent multicentric retrospective study by Barbier et al., on 4883 patients operated upon by 79 surgeons, has reported a success rate of 92.7% 7 . Re-operation can be extremely difficult, and is associated with considerable morbiditys-", Unsuccessful parathyroid surgery is due to failure by the surgeon correctly to identify and remove the abnormal parathyroid tissue. Presence of multiple abnormal glands and anatomical variations are the main reasons although surgeon's inexperience seems to be an important contributing factor 1 0-12. Often there is more than one reason for the failure. In an attempt to improve intra-operative localization of primary adenomas we optimized a standard non-isotopic chemiluminescent immunoassay to a shortened incubation time of 15 min to detect plasma intact parathyroid hormone levels with sufficient sensitivity and a batch coefficient of variation of less than 14%. Our results, available within 25 min, showed good correlation with results obtained using the standard assay with a 2 h incubation. The aim of our study was to use this assay for selective venous sampling of the superior, middle, and inferior thyroid veins on both sides at operation to assess whether locally raised PTH levels accurately predicted the site of adenoma.
PATIENTS AND METHODS
A consecutive series of 15 patients (all women) undergoing parathyroidectomy for primary hyperparathyroidism in a district general hospital were studied, median age 59 years (range 33-74 years), median preoperative serum PTH 136pg/ml (IQR 100-179pg/ml, normal 10-15pg/ml), with a preoperative serum calcium of 3. 1 mmolll (IQR 3.0-3.3 mmolll, normal 2.1-2.6mmolll).
Standard bilateral cervical dissection with exposure of the thyroid gland and its vasculature was carried out. Blood samples were taken directly from the superior, middle and inferior thyroid veins on each side with a 28G needle into a 1 ml syringe and transferred to tubes containing ethylenediaminetetraacetic acid. After rapid mixing and centrifugation, analysis was immediately carried out for intact PTH in 20 pi plasma with a commercial chemiluminescent immunoassay (Nichols Institute Diagnostics, Saffron Waldon, UK), with a 15 min incubation time. The samples were read with a luminometer and the plasma PTH level calculated from a standard graph. The assay took 25 min with a within batch coefficient of variation of < 14%.
Surgical exploration of the neck for the parathyroids was begun after all the six samples were collected. An attempt was made in each case to explore and identify all four parathyroid glands. In patients where the abnormal gland was not readily located, the surgeon explored further in the region where the intra-operative assayconfirmed elevated PTH levels. All tissue removed was subjected to frozen section histology.
RESULTS
The results are summarized in Table 1 . In the first 10 patients listed the parathyroid adenoma was located easily before the result of the assay was known, and was associated with high local venous PTH levels. In the remaining five patients the adenoma could not be easily located, and the Table 1 Relative parathormone levels (in pg/ml) in the six venous samples assay results were available before we had identified the adenoma. We then explored further in the region as indicated by the assay and successfully identified a single adenoma in three patients and two adenomata in one patient. In the remaining patient there was no difference in PTH levels in the six venous samples so we deduced that the adenoma was ectopic and not situated in the usual anatomical location. We therefore systematically explored ectopic sites and ultimately identified an adenoma in the anterior mediastinum behind the thymus. In this patient the assay helped us indirectly by correctly indicating that the adenoma was not situated in the drainage area of the veins we sampled. The median PTH level in the 'affected' region was 15500 pg/ml (IQR 13 900-16 600 pg/ ml) compared with 430 pg/ml (IQR 420-1238 pg/ml, P=O. 000 1, Wilcoxon paired test; Figure 1 ) in the 'unaffected' region. In all cases the assay results were obtained before the operation was completed. The median operating time was 67 min (IQR 56-90 min). In all patients the post-operative plasma calcium level fell to within the normal range from a median of 3.1 mmolll (IQR 3.0-3.3 mmolll) to 2.5 mmolll (IQR 2.4-2.6mmolll, P=0.005, Wilcoxon paired test; Figure 2 ).
All 15 patients had pre-operative localization of the abnormal parathyroid gland with both ultrasound (Aloka
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No. 650, 7.5 MHz linear array probe) and standard thallium/ technetium (TIITc) subtraction scanning. Both ultrasound and TIlTc scanning independently identified five of 15 abnormal parathyroids, so in our hands the sensitivity of these two imaging modalities is poor. In only one patient did ultrasound and TIITc subtraction scan jointly identify the abnormal gland.
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Selective venous sampling
Methylene blue infusion
Parathyroid angiography
Invasive the various modalities ranges from between 34% and 78%; and all have substantial false positive rates 7 • 23 ,24. Certain anatomical areas may be well or poorly visualized by a particular modality. Ultrasound and TIITc scans are best for demonstrating parathyroid glands in or near the thyroid whereas computerized tomography and magnetic resonance imaging are best for identification of ectopic glands. They are all dependent upon lesion size to a greater or lesser extent and are also operator dependent. Pre-operative angiography and selective venous sampling are technically difficult. Methylene blue infusion 25 has the disadvantage of colouring the neck muscles and the thyroid gland, in addition to the parathyroids, and the bluish hue that it imparts to the patient's skin interferes with important clinical observations.
Since the introduction of the 'quick' immunoradiometric assay26,27, 'intra-operative' monitoring of the fall in PTH level in peripheral blood collected 15 min after excision of the adenoma has been described 28 ,29. However, as the assay is performed following excision 30.31,5, it can only indicate whether the operation was successful and plays no part in localization of the abnormal gland. Another drawback of the technique is the long delay in obtaining the results 32 .
Intra-operative frozen section histology may be helpful to differentiate between parathyroid tissue and lymph node, thyroid tissue or fat which may be mistaken by the operator as parathyroid gland; but it is less reliable for differentiating a normal from an abnormal parathyroid gland 5 • 33 . Most authors therefore advocate bilateral cervical exploration with identification and examination of all four glands 23,34-36.
With intra-operative selective venous sampling, as described above, it is vitally important that all plasma samples are collected before any exploration for the parathyroids, as handling, manipulation, or excision of the glands will alter the regional difference in the PTH levels. In our study, all neck explorations were successful, and in five patients our localization technique assisted identification of .-.
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There is lack of consensus on the value of pre-operative localization. Many groups favour 13 -17 pre-operative localization in patients who have not had previous surgery, while others recommend against its usc in the same setti ng18~22. Most authors, however, agree that pre-operative localization should be attempted before re-operation. A number of strategies have been recommended to facilitate localization of parathyroid adenomata (Table 2) . Non-invasive imaging cannot be relied upon 22; sensitivity of Frozen section histology the adenoma. For re-explorations in patients who have had a previous thyroidectomy, this technique will be more difficult as the vascular supply will be distorted.
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